The National Action Plan for Combating Antibiotic-Resistant Bacteria set a goal of reducing inappropriate outpatient antibiotic use by 50% by 2020, but the extent of inappropriate outpatient antibiotic use is unknown.
March 2015, the White House released the National Action Plan for Combating Antibiotic-Resistant Bacteria, which set a target of reducing inappropriate antibiotic use in the outpatient setting by 50% by 2020. 12 However, the fraction of antibiotic use that is inappropriate and amenable to reduction is unknown. 13 Previous goals and national measures of appropriate antibiotic use (eg, Healthy People 2020 targets and Healthcare Effectiveness Data and Information Set [HEDIS] measures) have targeted specific age groups and conditions (eg, ear infections or acute bronchitis). 14, 15 To our knowledge, there is no current overall estimate of appropriate outpatient antibiotic prescribing that considers all ages and conditions that may receive antibiotics. The objectives of this study were to establish a baseline of the current rate of outpatient, oral antibiotic prescriptions by age and diagnosis and to estimate the overall rate of appropriate, outpatient antibiotic prescriptions in the United States to inform public health and antibiotic stewardship efforts.
Methods

Data Sources
Baseline antibiotic prescribing rates were estimated using the National Ambulatory Medical Care Survey (NAMCS) and National Hospital Ambulatory Medic al Care Survey (NHAMCS). These cross-sectional surveys are administered annually by the CDC's National Center for Health Statistics. 16 NAMCS samples visits to nonfederally-employed, officebased physicians primarily engaged in patient care and selects visits using a 3-stage probability sampling design. NAMCS samples geographic regions, physicians, and visits during randomly assigned 1-week reporting periods. NHAMCS is a survey of emergency departments and outpatient departments of nonfederal general and short-stay hospitals. 16 NHAMCS uses a 4-stage probability sampling design. NHAMCS samples geographic regions, hospitals, outpatient department clinics, and emergency service areas, and visits during 4-week reporting periods. Data collected include patient demographics, up to 3 diagnoses that are coded by NAMCS/NHAMCS staff using the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM), and up to 8 medications mentioned-meaning prescribed, continued, or provided at the visit. Sampled visits in both surveys are distributed randomly throughout the year. Weights are assigned to visits so national estimates can be produced. The most recent 2 years of data available in both NAMCS and NHAMCS (2010-2011) were used. Unweighted response rates during 2010-2011 ranged from 54.1% to 58.3% for physicians in NAMCS, 66.7% to 73.6% for outpatient departments, and 80.4% to 87.5% for emergency departments in NHAMCS. Estimates from NAMCS are adjusted for physician and item nonresponse. Estimates from NHAMCS are adjusted for hospital nonresponse and for nonresponse at the level of the emergency departments and outpatient departments. The National Center for Health Statistics research ethics review board approved NAMCS/NHAMCS, with waivers of informed consent and Health Insurance Portability and Accountability Act authorization for patients. These analyses were based on publically available, deidentified data, and therefore were not subject to institutional review board requirements as determined in consultation with the human subjects advisor for the National Center for Emerging and Zoonotic Infectious Disease.
All visits during 2010-2011 were included unless resulting in hospital or observation unit admission or if parenteral antibiotics were mentioned without oral antibiotics (0.4% of visits). National estimates were produced from 184 032 unweighted visits in 2010-2011. Antibiotics were coded in terms of their generic components and therapeutic classes using Lexicon Plus (Cerner Multum). 16 Data were not available on route of administration. Antibiotics supplied only in topical formulations were excluded. Oral antibiotics were defined as antibiotics with oral formulations, and parenteral antibiotics were defined as those antibiotics not available in oral formulations (eTable 1 in the Supplement). As outpatient, oral antibiotics are only available via prescription, medication mentions of antibiotics were assumed to be prescriptions, similar to previous studies.
17-19
Establishing the Baseline and percentage of visits with antibiotics prescribed were also calculated by diagnosis and age group. For diagnosis-based analyses, larger age groups (0-19, 20-64, ≥65 years) were used to produce more reliable estimates. Diagnostic categories for common outpatient infections (eTable 2 in the Supplement) were established and visits were classified into these categories. As NAMCS/NHAMCS do not contain links between diagnoses and medication mentions, visit diagnoses were classified based on the most likely indication for an antibiotic prescription in a tiered fashion. Tier 1 diagnoses were diagnoses for which antibiotics are almost always indicated: pneumonia, urinary tract infection (UTI), or miscellaneous bacterial infections (eg, pertussis and syphilis). Tier 2 diagnoses are diagnoses for which antibiotics may be indicated: sinusitis; suppurative otitis media; skin, cutaneous, and mucosal infections; pharyngitis; gastrointestinal infections; and acne. Tier 3 diagnoses were all other diagnostic categories for which antibiotics are not indicated or the indication was unclear. In assigning each visit a single diagnosis, priority was given to tier 1 diagnoses, then tier 2 diagnoses, then tier 3 diagnoses. If a visit had multiple diagnoses from a single tier, the first-listed diagnosis was assigned.
Estimating Appropriate Antibiotic Prescribing
To estimate appropriate oral antibiotic prescribing in ambulatory care, the Pew Charitable Trusts convened a group of experts on outpatient antibiotic use to determine methods for estimating the fraction of antibiotic use that is appropriate. Each author reviewed available national guidelines from professional societies for common conditions (eTable 3 in the Supplement). Estimated levels of appropriate antibiotic prescribing by age group were based on national guidelines for diagnoses for which national guidelines could be used to recommend specific antibiotic prescribing rates: pharyngitis; asthma, allergy; bronchitis, bronchiolitis; influenza; nonsuppurative otitis media; viral upper respiratory tract infection; viral and nonviral pneumonia; UTI; and miscellaneous bacterial infections (eg, pertussis and syphilis). Regional variability was used to produce estimates of appropriate antibiotic prescriptions for diagnoses for which guidelines could not be used to recommend specific antibiotic prescribing rates: sinusitis, suppurative otitis media, and the remaining other conditions. Regional analyses of antibiotic prescribing by age group were conducted to identify regions with the lowest regional antibiotic prescription rates, recognizing there is evidence of antibiotic overuse even in the lowest-prescribing regions. 20 Estimates were combined using national guidelines and regional variability to calculate an overall estimate of appropriate antibiotic prescriptions per 1000 population.
Statistical Analysis
Statistical analyses were performed using STATA 12 (STATA Corp) and accounted for the components of the complex survey design including patient visit weights, strata, and primary sampling unit design variables. Two years of survey data were combined for analyses to increase sample size by age and diagnosis. Ninety-five percent confidence intervals were calculated for all estimates. Antibiotic prescribing rates were compared using χ 2 test for heterogeneity. Estimates were not calculated if based on fewer than 30 sampled visits or if the relative standard error was less than 0.3, as such estimates do not meet standards of reliability or precision. 16 Significance was considered at 2-sided P value less than .05. Population denominators were based on the July 1, 2010, and July 1, 2011, set of estimates of the civilian, noninstitutional population of the United States, as developed by the Population Division, US Census Bureau. 21 Additionally, a post hoc sensitivity analysis was performed using the lowest-prescribing region as the benchmark for all estimates of appropriate antibiotic prescribing for diagnoses targeted for reduction.
Results
In of visits by adults aged 20 through 64 years with pharyngitis were associated with antibiotic prescribing. National guidelines state that patients with bronchitis (excluding visits with diagnoses of chronic bronchitis, emphysema, or chronic obstructive pulmonary disease), 24, 25 bronchiolitis, 26 viral upper respiratory tract infections, 25, 27 asthma and allergy, 28 influenza, 29 viral pneumonia 30 and nonsuppurative otitis media 31 should not receive antibiotics, and thus antibiotics for these conditions were considered inappropriate.
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Sinusitis and suppurative otitis media sometimes warrant antibiotics; however, the appropriate rate of antibiotic prescriptions for these conditions is uncertain. Thus, the lowest regional rate of visits with antibiotic prescriptions was selected as the estimate of the appropriate rate (eTable 4 in the Supplement). For sinusitis, the estimated appropriate antibiotic prescription rates per 1000 participants by age group were as follows: 59 (95% CI, 32-86) for 0 through 19 years, 27 (95% CI, 17-36) for 20 through 64 years, and 37 (95% CI, 16-59) for 65 years and older. For suppurative otitis media, the estimated appropriate antibiotic prescription rates per 1000 participants by age group were as follows: 138 (95% CI, 96-179) for 0 through 19 years and 6 (95% CI, 4-9) for 20 through 64 years. Estimates could not be calculated for adults aged 65 years or older with suppurative otitis media due to the small number of sampled visits. Antibiotic prescription rates were considered appropriate for pneumonia because the diagnosis almost always warrants antibiotic therapy. 30 For other conditions, excluding acute respiratory conditions listed above, antibiotic prescriptions were considered appropriate for UTI and miscellaneous bacterial infections (eg, pertussis and syphilis), as these conditions almost always warrant antibiotic therapy. 32 For the remaining other conditions (excluding acute respiratory conditions, UTIs, and miscellaneous bacterial infections), the lowest regional rate of visits with antibiotic prescriptions per 1000 participants by age group was selected as the estimated appropriate rate (eTable 4 in the Supplement): 137 (95% CI, 100-174) for 0 through 19 years, 180 (95% CI, 140-220) for 20 through 64 years, and 362 (95% CI, 272-452) for 65 years or older. e Bronchitis or bronchiolitis includes visits with bronchitis, not specified as acute or chronic, and acute bronchitis and bronchiolitis but excludes visits in which the second or third diagnosis was chronic bronchitis, emphysema, or chronic obstructive pulmonary disease.
The actual and estimated appropriate antibiotic prescription rates by age group for each condition and overall are shown in Table 4 . The estimated annual appropriate antibiotic prescription rate for acute respiratory conditions per 1000 population was 111 antibiotic prescriptions for all ages vs 221 antibiotic prescriptions (95% CI, 198-245) annually for acute respiratory conditions in 2010-2011, a 50% reduction from the point estimate of the 2010-2011 annual rate. The estimated annual appropriate rate per 1000 population for other conditions (excluding acute respiratory) was 242 antibiotic prescriptions vs 284 (95% CI, 256-313) annually in 2010-2011, a 15% reduction from the point estimate of the 2010-2011 annual rate. When all conditions were combined, the estimated appropriate annual antibiotic prescription rate for all conditions in all ages in the United States per 1000 population was 353 vs 506 (95% CI, 458-554) annually in 2010-2011, a 30% reduction from the point estimate of the 2010-2011 annual rate. The results of the sensitivity analysis using the lowest-prescribing region as the estimate of appropriate antibiotic prescribing for all diagnoses identified for reduction are shown in eTable 5 in the Supplement.
Discussion
These analyses describe antibiotic prescribing practices during ambulatory care visits in the United States by age group and diagnosis in 2010-2011, with an overall estimated annual rate of 506 antibiotic prescriptions per 1000 US population. In the United States, an estimated 154 million prescriptions for antibiotics were written in ambulatory care settings annually during 2010-2011. Half of antibiotic prescriptions for acute respiratory conditions may have been unnecessary, representing 34 million antibiotic prescriptions annually. Collectively, across all conditions, an estimated 30% of outpatient, oral antibiotic prescriptions may have been inappropriate. Therefore, a 15% reduction in overall antibiotic use would be necessary to meet the White House National Action Plan for Combating AntibioticResistant Bacteria goal of reducing inappropriate antibiotic use in the outpatient setting by 50% by 2020. 12 This estimate of inappropriate outpatient antibiotic prescriptions can be used to inform antibiotic stewardship programs in ambulatory care by public health and health care delivery systems in the next 5 years. This estimate of inappropriate outpatient antibiotic prescriptions is based on deriving an estimate for the rate of ambulatory care visits during which antibiotics are prescribed when not indicated and for diagnoses that are overused (eg, sinusitis). To derive this estimate, a conservative, mixed approach was used including (1) no reductions for conditions almost always warranting antibiotics, (2) application of clinical guidelines for nonbacterial respiratory conditions, (3) an estimate for group A streptococcal prevalence for pharyngitis, based on evidencebased guidelines, and (4) use of geographic variability by focusing on regions with the lowest antibiotic prescribing rates for suppurative otitis media, sinusitis, and remaining conditions. Previous studies estimating potential estimates of inappropriate outpatient antibiotic use have relied solely on estimates of bacterial prevalence and have concluded that more than 50% of antibiotics for acute respiratory tract infections are unnecessary. 17, 18 Although knowledge of bacterial pathogen presence could be informative, routine performance of sinus aspiration or tympanocentesis is impractical. Current treat- fraction of diagnoses that meet these criteria is unknown. A substantial amount of antibiotic overuse is likely driven by overdiagnosis of certain conditions (eg, sinusitis diagnosis without meeting criteria). Evidence supporting the problem of overdiagnosis, in particular for sinusitis and otitis media, includes variability in diagnosis by race and by clinician. 34 Although the health of the populations in each region and thus the need for antibiotic use may vary, the regional analyses from which the estimated appropriate rates are taken are based on large regions with populations ranging from 55 million (Northeast) to 113 million (South). To our knowledge, no data suggest worse outcomes for these conditions in low-prescribing regions due to undertreatment; in fact, there is evidence of antibiotic overuse even in low-prescribing regions. 20 For pneumonia, UTI and miscellaneous bacterial infections, no specific goal was recommended at this time, even though overdiagnosis of these conditions likely occurs, particularly with asymptomatic bacteriuria diagnosed as UTI. For this effort, the group focused on conditions for which the diagnoses often or sometimes do not require antibiotics, rather than misdiagnosis of conditions almost always requiring antibiotics. Misdiagnosis will present important opportunities in the future, especially for infections like UTI and communityacquired pneumonia. The geographic variation nationally and globally indicates that a 30% reduction in antibiotic prescribing is achievable. Per the sensitivity analysis, if national antibiotic prescriptions rates for targeted diagnoses for each age group were at the rate of the lowest-prescribing region, prescribing would be 19% lower than the 2010-2011 rate. However, when lowprescribing regions are used to produce estimates for appropriate prescribing, more antibiotic prescriptions are considered appropriate than when estimates are based on national guidelines.
Another study examining dispensed antibiotics found the lowest-prescribing 5 states dispensed 36% fewer antibiotic prescriptions than the United States overall; this study found a similar pattern to our study of higher prescribing in the South vs the West. 4 Strengths of NAMCS/NHAMCS include national representativeness and inclusion of both diagnoses and therapy. However, the use of NAMCS/NHAMCS in this study also has the following limitations. First, the NAMCS and NHAMCS rely on clinician diagnoses and lack data allowing for validation of diagnoses and links between medications and diagnoses. ICD-9-CM codes, although assigned by NAMCS/NHAMCS staff, lack specificity to differentiate all diagnoses of interest and may not fully represent the clinician's diagnosis. NAMCS/NHAMCS allow for 3 diagnoses, and if the visit lacked antibioticappropriate diagnosis, it was assumed that none existed. However, all 3 diagnoses fields were used and antibiotic prescribing was considered appropriate if there was any antibioticappropriate diagnosis.
Second, estimates in NAMCS and NHAMCS are adjusted for nonresponse for a limited number of variables, and thus nonresponse bias may be present. 40 Third, data from NAMCS and NHAMCS represent visits, not illness episodes, such that multiple prescriptions for 1 person would be captured separately, and therefore the overall estimated rates of antibiotic prescribing per population and inappropriate prescribing may be overestimated. For instance, in 2010-2011 in NAMCS/NHAMCS, an estimated 1.2 billion ambulatory care visits occurred annually from a population of 305 million people in the United States, suggesting that, on average, approximately 4 ambulatory care visits occurred for each person in the United States. In reality, some individuals had more than 4 ambulatory care visits, and some had fewer or no visits. Of these projected 1.2 billion visits annually, an estimated 12.6% were associated with antibiotic prescriptions, which would equate to a projected 154 million antibiotic prescriptions written annually in these settings or an estimated population-based rate of 506 antibiotic prescriptions per 1000 US population (ie, every person in the population would have received 0.5 antibiotic prescriptions per year from an office or emergency department-based visit). However, some patients received no antibiotic prescriptions, and some likely received more than 1 antibiotic prescription. In addition, because some individuals had multiple visits and would have been sampled multiple times, it is almost certain that complex patients (who would have many visits annually) are overrepresented in the study population compared with truly "typical" patients, and far more than healthy patients, who may not have had any visits during the sampling frame. It also is possible that for these complex patients, what may seem like inappropriate prescriptions could have been appropriate. Moreover, the more times an individual sees a physician, the more likely that patient will get a prescription, independent of whether the prescription was appropriate or not. However, these multiple exposures for an individual are treated as "on average" a single exposure for multiple individuals and the data were not adjusted for comorbidities or for the number of times an individual is included in the sampling frame, suggesting that the overall estimated rate of antibiotic prescribing per population may be biased upward. 35 The rate of antibiotic prescriptions in this study is just more than half the rate of antibiotics dispensed in outpatient settings in the United States in 2011. 4, 35 It is not known how these rates in this study based on data from 2010-2011 compare or reflect the rates of prescribing in 2016. Fifth, antibiotics prescribed at urgent care and retail clinic, federal facilities, hospital discharges, telemedicine encounters and for long-term care residents are not included in NAMCS/NHAMCS. In addition, visits to physician assistants and nurse practitioners are not systematically sampled and may be underrepresented.
Sixth, these data reflect medication mentions, not antibiotics dispensed or consumed, and delayed prescriptions cannot be differentiated from standard prescriptions. Appropriate antibiotic selection was not addressed, but a separate study is under way to identify opportunities to improve selection.
Conclusions
In the United States in 2010-2011, there was an estimated annual antibiotic prescription rate per 1000 population of 506, but only an estimated 353 antibiotic prescriptions were likely appropriate, supporting the need for and establishing a goal for outpatient antibiotic stewardship.
